Objective: To investigate if the improved glucose tolerance previously observed at breakfast following an evening meal with boiled barley kernels derives from colonic events related to the fermentation of the elevated amounts of indigestible carbohydrates present and/or from the low-GI features. Subjects/Methods: Twenty healthy volunteers aged 19-30 years. Design: High-GI white wheat bread (WWB), WWB þ barley dietary fibre (DF) corresponding to the DF content of barley kernels, low-GI spaghetti þ barley DF, spaghetti þ double amounts of barley DF (2*DF), spaghetti þ oat DF, or whole grain barley flour porridge, were provided as late evening meals. At a subsequent standardised WWB breakfast, B-glucose, s-insulin, p-SCFA, p-FFA, and breath hydrogen (H 2 ) were measured. Results: The B-glucose response (incremental areas under the curves (IAUC) 0-120 min and total areas under the curves 0-180 min) to the standardized breakfast was significantly lower after consuming spaghetti þ 2 * DF in the evening compared with barley porridge (P ¼ 0.012). The spaghetti þ 2 * DF meal also resulted in the highest breath H 2 excretion (Po0.02). The glucose IAUC (0-120 min) after the standardized breakfast was positively correlated to fasting p-FFA (r ¼ 0.29, Po0.02), and the total glucose area (0-180 min) was negatively correlated to the p-propionate level (0-30 min) (r ¼ À0.24, Po0.02). Conclusions: The prolonged digestive and absorptive phase per se, like with a low-glycaemic index (GI) spaghetti evening meal, did not induce overnight benefits on glucose tolerance. Addition of barley DF in high amounts (2 * DF) was required to improve overnight glucose tolerance. The correlations observed between glycaemia and p-propionate implicate colonic fermentation as a modulator of glucose tolerance through a mechanism leading to suppressed free fatty acids levels. It is proposed that the overnight benefits on glucose tolerance previously reported for boiled barley kernels is mediated through colonic fermentation of the prebiotic carbohydrates present in this product. 
Introduction
The glycaemic index (GI) is a concept for classification of foods rich in carbohydrates according to their effect on the postprandial blood glucose (B-glucose) response. Since the introduction of the concept in the beginning of the 1980s, an accumulating body of data shows beneficial effects of low-GI foods, for example, in prevention and treatment of diabetes and cardiovascular disease (Fontvieille et al., 1992; Järvi et al., 1999; Jenkins et al., 2002; Brand-Miller, 2003) . Recent epidemiological data also indicate a preventive potential, suggesting that a low-GI diet decreases the risk of developing type 2 diabetes, cardiovascular disease, or the metabolic syndrome (Salmeron et al., 1997a, b; Liu et al., 2000; Jenkins et al., 2002; McKeown et al., 2002) . Although not a prerequisite for 'lente' properties, many low-GI foods are rich in indigestible carbohydrates. High-carbohydrate/ fibre diets increase peripheral insulin sensitivity and lower plasma glucose, insulin and cholesterol concentrations (Fukagawa et al., 1990) . Substantial evidence from cohort studies have demonstrated that diets rich in whole grain decrease the risk of developing coronary heart disease (Anderson et al., 2000; McKeown et al., 2002) . Diets rich in whole grain and diets with a low GI thus exert similar benefits adjunct to the metabolic syndrome, and it could be hypothesized that low-GI foods, which in addition also are rich in 'whole-grain' constituents, could be particularly advantageous. Thus, it has previously been shown by Ö stman et al. (2006) that a combination of low GI and a high content of cereal DF has a beneficial effect on insulin economy in women at risk of developing type II diabetes.
In addition to a lowered acute postprandial glycaemia, low-GI foods consumed at breakfast have the potential to lower glycaemia at a consecutive 'second meal' consumed at lunch (Jenkins et al., 1982; Trinick et al., 1986; Liljeberg et al., 1999; Liljeberg and Björck, 2000; Brighenti et al., 2006) . A 'second-meal effect' has also been observed from a late evening meal to breakfast the following morning, indicating that low-GI foods may improve glucose tolerance also over a longer time frame (Wolever et al., 1988; Thorburn et al., 1993; Granfeldt et al., 2006; Nilsson et al., 2006) . The mechanisms involved probably differ depending on the time period in between the meals, but a prolonged suppression of free fatty acids (FFA) has been implicated, both in the perspective from breakfast to lunch (Wolever et al., 1995; Brighenti et al., 2006) , and from an evening meal to breakfast (Thorburn et al., 1993) . In the case of benefits on glucose tolerance in the perspective from breakfast to lunch, the key feature involved is probably a low-GI feature per se (Jenkins et al., 1982; Liljeberg and Björck, 2000) . In the perspective from an evening meal to breakfast, low-GI features per se do not seem to be sufficient to elicit a second-meal effect. Instead, available data indicate that certain low-GI cereal or legume products, which in addition are rich in potentially fermentable indigestible carbohydrates, for example, dietary fibre (DF) and resistant starch (RS), may exert overnight benefits on glucose tolerance (Wolever et al., 1988; Thorburn et al., 1993; Granfeldt et al., 2006; Nilsson et al., 2006) . Consequently, despite similar and low GI, it has been shown that boiled intact barley kernels consumed in the evening, in contrast to spaghetti Nilsson et al., 2006) , were highly efficient in improving glucose tolerance the next morning compared to an evening meal with white wheat bread (WWB). In the case of test meals containing rapidly fermented indigestible carbohydrates (e.g., lactulose), second-meal benefits on glucose tolerance may also be operative within a shorter time period such as from breakfast to lunch (Brighenti et al., 2006) . Metabolites produced during colonic fermentation of indigestible carbohydrates may enter the systemic circulation and it has been put forward that short chain fatty acids (SCFA), particularly propionate, may exerts systemic effects, including benefits on glucose metabolism (Anderson and Bridges, 1984; Thorburn et al., 1993; Berggren et al., 1996; Nilsson et al., 2006) .
The aim of the present study was to investigate if the improved glucose tolerance previously observed in healthy subjects at breakfast following an evening meal with boiled intact barley kernels derives from colonic events related to the fermentation of indigestible carbohydrates present in this product, that is, DF and RS, and/or from the low-GI features.
Materials and methods
Evening test meals and standardized breakfast Five test meals and one reference meal (WWB) were consumed as late evening meals. The test meals differed in GI and contents of DF. The RS contents in the different test meals varied between 0.5-2.8 g RS/test meal. The test meals consisted of: WWB (GI ¼ 100) or spaghetti (GI ¼ 58) added with amounts of DF extracted from barley to correspond to the total DF content in one portion of intact barley kernels (9.8 g barley DF/meal) (Nilsson et al., 2006) ; spaghetti added with a matched content of DF from oats (9.8 g added DF/ meal); spaghetti added with twice the amount of DF from barley (19.6 g added DF/meal). In addition, barley kernels were milled to flour, and included in a porridge. The barley kernel used in the porridge were similar to the barley kernel used in previous studies showing benefits on glucose tolerance when consumed intact Nilsson et al., 2006) . The oat DF was included in the study as a comparison of barley DF with another DF, also rich in b-glucans. In the case of the oat and barley DF enrichments, no correction was made for the wheat fibre intrinsic to the WWB and the spaghetti products, thus, the total amount of DF in these meals therefore became higher than the total DF content in a portion intact barley kernels, when using potentially available starch as basis for comparison (50 g).
A standardized breakfast consisted of 117.5 g WWB (Jätterasken, Pågen AB, Malmö, Sweden), with the crust removed, was served in the mornings after the test meals.
All meals were based on 50 g potentially available starch (Holm et al., 1986) . The WWB and spaghetti portion sizes in the case of meals added with barley or oat DF were corrected for the small amounts of starch derived from the barley and oat DF. Consequently, the WWB and spaghetti portions varied slightly in size depending on the type and amount of DF added. Water, 250 ml, was consumed with all meals, and an addition of 150 ml tea/coffee (no milk or sugar) or water was served immediately after the breakfast.
Analysis of starch, resistant starch and dietary fibre
The test and reference products were analysed with respect to potentially available starch (Holm et al., 1986) , RS (Å kerberg et al., 1998) and DF (Asp et al., 1983) . Before analysis of potentially available starch and DF, the bread products were air dried and milled (Cyclotec, Foss Tecator AB, Höganäs, Sweden) and the spaghetti was boiled and homogenized (ULTRA-TURRAX s TP18/10) in a 0.1 M sodium phosphate buffer. Potentially available starch and DF in the barley porridge, as well as RS in all products were analysed in products 'as eaten'. The white wheat breakfast bread was analysed only with respect to content of potentially available starch. The composition of the evening test products and meals, including contents of potentially available starch, RS, DF (soluble, insoluble) and GI characteristics, is shown in Table 1 .
Preparation of evening test meals White wheat reference bread. The WWB was baked according to a standardized procedure (Liljeberg and Bjorck, 1994) in a home baking machine (Severin model no: BM 3983). After cooling, the crust was removed and the bread was sliced and portions (126 g) were wrapped in aluminium foil, put into plastic bags and stored in a freezer.
WWB enriched with barley DF (WWB þ BDF1). An amount of 18.8 g of a barley DF extract (Lyckeby Stärkelsen, Kristianstad, Sweden), corresponding to 9.8 g barley DF (dry weight) was mixed with 250 ml water and consumed together with WWB (122 g). The WWB was prepared as described in the previous paragraph.
Spaghetti enriched with barley DF (spaghetti þ BDF1). Uncooked spaghetti (70.9 g) (Kungsörnen, Järna, Sweden) was boiled for 7 min in 1 l water with 5 g NaCl. The barley DF extract, 18.8 g, (9.8 g DF, dry weight), was mixed with 250 ml water and consumed together with the spaghetti.
Spaghetti enriched with double amount of barley DF (spaghetti þ BDF2). Uncooked spaghetti (67.1 g) was prepared as described in the previous paragraph. An amount of 18.8 g of the barley DF extract (9.8 g DF, dry weight) was mixed in 150 ml water and served blended with the boiled spaghetti. An additional amount of 18.8 g (9.8 g DF, dry weight) of the barley DF extract was mixed with 250 ml water and consumed together with the spaghetti. Consequently, the amount of barley DF added to this meal was 19.6 g (dry weight), and twice the amount added to the spaghetti þ BDF1 meal.
Spaghetti enriched with oat DF (spaghetti þ ODF). Uncooked spaghetti (69.7 g) was prepared as described above. A low-fat oat bran (23.9 g) (OatWell, Swedish Oat Fiber AB, Väröbacka, Sweden) corresponding to 9.8 g DF, (dry weight) was mixed in 250 ml water and consumed together with the spaghetti.
Barley porridge. Intact barley kernels (Pot barley, Goudas Food Products, Concord, Ontario, Canada) were milled (Perten Laboratory Mill 120) to a particle size of p0.8 mm. The porridge was prepared from 79.4 g whole-grain barley flour and 2.5 g NaCl suspended in 450 ml water. The porridge was cooked in a microwave for 5 min (600 W), with two intermittent breaks for stirring. Holm et al. (Holm et al., 1986) . c GI of the spaghetti was determined in another study (Ö stman, Granfeldt, Björck, unpublished observations). d GI of barley porridge was determined in another study by Liljeberg et al. (1996) . The amount of added DF was 9.8 g, or in the case of spaghetti þ BDF2 19.6 g. Rest of the DF derives from the bread or spaghetti product.
Overnight 'second-meal' effect of DF vs GI on glucose tolerance ), participated in the study. Approval of the study was given by the Regional Ethical Review Board in Lund, Sweden.
The subjects prepared the evening test meals in their homes, according to a detailed written instruction of the cooking procedure. The test meals were packaged in portion sizes, ready to eat or cook. The meals were consumed directly after preparation. The evening meals were eaten in a random order, approximately one week apart. The subjects were encouraged to standardize their meal pattern, and to avoid food rich in DF the entire day before an experimental day. Furthermore, they should avoid alcohol and excessive physical exercise in the evening. The evening meals were consumed at 0930 hour and thereafter the subjects were fasting until the standardized breakfast. In the morning at the experimental day, an intravenous cannula (BD Venflon, Becton Dickinson, Helsingborg, Sweden) was inserted into an antecubital vein to be used for blood sampling. The standardized breakfast was served at 0800 hour and was finished within 10-12 min. Coffee/tea or water (individually standardized) was served immediately thereafter (at 15 min). The subjects were told to maintain a low physical activity throughout the following 3 h of blood sampling.
Sampling and analysis of blood and expired air. Venous blood samples were taken to determine B-glucose, serum insulin, plasma FFA, and plasma SCFA (acetate, propionate, butyrate). Serum (s) and plasma (p) was separated and stored in a freezer (oÀ201C) until analysed. B-glucose concentrations were determined with a glucose oxidase-peroxidase reagent and s-insulin with a solid phase two-site enzyme immunoassay kit (Insulin ELISA 10-1113-01, Mercodia AB, Uppsala, Sweden). P-FFA concentrations were determined with an enzymatic colorimetric method (NEFA C, ACS-ACOD method, WAKO Chemicals GMbH, Germany). SCFA concentrations in plasma were analysed with GC/MS (Hewlett Packard 5890 II GC with an Optic II PTV and CTC A200S auto sampler and VG Trio-1000 quadrupole MS with EI ionization) following purification by ultrafiltration (Amicon Centriplus centrifugal filter device YM-30, 30 kDa cut-off, Millipore (UK) Ltd, Watford, UK) and solid phase extraction (Bakerbond SPE column, 200 mg SDB-2, 3 ml capacity, Mallinckrodt Baker UK, Milton Keynes, UK) (Morrison et al., 2004) . H 2 in expired air was sampled by blowing gently through a straw into a glass vial. The breath samples were analysed with an automated continuous-flow isotope ratio mass spectrometer (HYDRA, PDZ Europe, Crewe, UK) .
Blood samples for determination of B-glucose and s-insulin were taken immediately before the standardized breakfast meal (0 min), and then at 10, 20, 30, 40, 50, 60, 70, 90, 120 , 180 min after commencing the breakfast. Blood samples for analysis of p-FFA and p-SCFA were taken at 0, 30, 60, and at 0 and 30 min, respectively. As a marker for colonic fermentation, breath H 2 were sampled immediately before the test meals in the evening (baseline value); and before the standardized breakfast (0 min) and at 30, 60, 90, 120, 180 min after the standardized breakfast.
Calculations and statistical methods. The results are expressed as mean7s.e.m. Differences between the products at different time points were analysed by using a mixed model (PROC MIXED in SAS release 8.01; SAS Institute Inc., Cary, NC, USA) with repeated measures and an autoregressive covariance structure. Significances were evaluated with analysis of variance (ANOVA general linear model) followed by Tukey's pair-wise multiple comparison method for means (MINITAB Statistical Software, release 13 for windows; Minitab Inc., State College, PA, USA). GraphPad Prism (version 4.03; GraphPad Software, San Diego, CA, USA) was used for graph plotting and for calculation of glucose and insulin areas. The glucose areas were calculated in three ways. The incremental areas under the curves (IAUC), ignoring the area below the fasting value, were calculated to express the rise in B-glucose concentration in response to the standardized breakfast. The total areas under the curves (AUC) were calculated by using the absolute values, to express the average B-glucose concentrations during the 3-h test period. The baseline was set to the lowest glucose concentration registered in the study (2.42 mmol/l). The 'negative areas', that is, the areas between the baseline (fasting value) and the B-glucose curves below the fasting values, were calculated to express the average drop in Bglucose concentrations below the fasting values. The insulin areas were calculated as the IAUC, ignoring the areas below the fasting values. The statistical analysis of SCFA is based on mean values of concentrations at 0 and 30 min. Spearman's rank correlation was used to study relations between the physiological test parameters. A correlation for each subject was calculated and from these values the mean value of Spearman's correlation coefficient was obtained. To determine the P-value, a permutation test was performed using MATLAB with the null hypothesis that no correlations existed (the alternative hypothesis was that the data was correlated). In addition, the correlation between glucose IAUC (0-120 min) and butyrate concentration was also obtained by calculation of Pearson's correlations coefficient, based on group means (n ¼ 6). The significance level was set at Po0.05 in all statistical calculations.
Results
Postprandial blood glucose and serum insulin responses following the standardized breakfast No significant differences in fasting B-glucose or serum insulin concentrations were seen in the mornings after consuming the different evening test meals. Significant Overnight 'second-meal' effect of DF vs GI on glucose tolerance A Nilsson et al treatment (evening meal) effects were found on B-glucose increments over the entire time period following the standardized breakfast (0-180 min, Po0.05), whereas no significant treatment Â time interaction appeared (Figure 1) . A lower B-glucose IAUC (0-120 min) and a lower total AUC (0-180 min) was observed after the standardized breakfast, post the evening meal with spaghetti þ BDF2 compared with a corresponding evening meal with whole-grain barley porridge (Po0.05, Table 2 ). The breakfast postprandial glucose areas below the fasting value (0-180 min) were significantly larger after an spaghetti þ BDF2 evening meal compared with an evening meal with WWB or barley porridge (Po0.05, Table 2 ).
There were no significant differences in serum insulin IAUC (0-120 min) at breakfast, irrespectively of the preceding evening test meal, and there was no significant treatment effect or treatment Â time interaction in insulin increments over the course of the experimental period (Figure 2) . Breath H 2 excretion at the standardized breakfast A significant treatment effect was found on breath H 2 excretion over the entire time course after the standardized breakfast (Po0.05), whereas no significant treatment Â time interaction appeared along the time course. The mean breath Figure 1 Postprandial B-glucose responses after a standardized breakfast given 10.5 h after consuming different evening meals. A significant treatment (evening meal) effect was found over the entire time period (Po0.05), whereas no significant treatment Â time interaction appeared. Overnight 'second-meal' effect of DF vs GI on glucose toleranceH 2 excretion (0-180 min) was higher in the morning after evening meals with spaghetti þ BDF2, spaghetti þ BDF1 or spaghetti þ ODF (23.375.8, 12.374.5 and 5.676.1 ppm, respectively) compared with an evening meal with WWB (À17.974.6 ppm) (Po0.05; Figure 3) . The results are expressed as D-values, using the H 2 concentrations immediately before the intake of the test evening meals as the basal values. Negative breath H 2 values are obtained, when the basal concentrations in the evening is higher than the concentrations in the morning. The spaghetti þ BDF2 evening meal also generated significantly more breath H 2 compared with barley porridge or WWB þ BDF1 evening meals (À5.576.3, À2.374.5 ppm, respectively). The fasting H 2 excretion was positively correlated to the glucose areas below the fasting value (0-180 min) (Po0.05, Table 3 ). As a general feature, breath H 2 levels declined over the course of the 3-h experimental period.
Plasma SCFA levels at the standardized breakfast The p-acetate and also the total p-SCFA concentration (sum of acetate, propionate and butyrate) was higher in the morning after an evening meal with spaghetti þ ODF or WWB þ BDF1 compared with a barley porridge evening meal (Po0.05, Table 4 ). An evening meal with spaghetti þ ODF also resulted in higher p-acetate and total p-SCFA concentrations in the morning compared with WWB (Po0.05).
Evening meals with spaghetti þ ODF or spaghetti þ BDF2 resulted in higher concentrations of p-butyrate at the subsequent breakfast compared with an evening meal with barley porridge (Po0.05). A negative correlation was seen between p-propionate and total glucose AUC (0-180 min) after the standardized breakfast (Po0.05, Table 3 ). Moreover, a negative correlation was found between p-butyrate and glucose IAUC (0-120 min) (r ¼ À0.98, Po0.001, n ¼ 6), when Figure 3 Mean incremental changes in breath H 2 excretion following a standardized breakfast preceded by different evening meals. The baseline value was measured in the evening immediately before ingestion of the test meals (data not shown). Negative breath H 2 increments are due to higher basal concentrations in the evening compared with the following morning. A significant treatment effect was found (Po0.05), whereas no significant treatment x time interaction appeared along the time course. The standardized breakfast was given 10.5 h after the evening meals.
Overnight 'second-meal' effect of DF vs GI on glucose tolerance A Nilsson et al the statistical analysis was based on group mean values. Additionally, a positive correlation was seen between the glucose areas below the fasting value (0-180 min) and p-butyrate (r ¼ 0.86, Po0.05, n ¼ 6). The mean plasma acetate, butyrate and total SCFA levels (0-30 min) were positively correlated with fasting breath H 2 excretion.
Fasting, and postprandial plasma FFA levels after the standardized breakfast The fasting p-FFA concentrations were positively correlated to the B-glucose IAUC (0-120 min) (Po0.05), and negatively correlated to the glucose areas below the fasting value (0-180 min) (Po0.05) ( Table 3 ). There were no significant differences in fasting, nor in postprandial plasma FFA concentrations, at the standardized breakfast, depending on the preceding evening meal.
Discussion
In the present study, plasma propionate and butyrate concentrations at breakfast (0-30 min) (butyrate data based on group mean, that is, n ¼ 6) were negatively related to the glucose response, expressed as total glucose AUC at 0-180 min and IAUC at 0-120 min, respectively. The results of the current study therefore indicate that SCFAs derived from colonic fermentation are likely to be involved in modulating glucose response. SCFA, and in particular propionate, produced during colonic fermentation have been suggested as a possible factor involved in modulating the glucose tolerance at breakfast following an evening meal with boiled intact barley kernels (Nilsson et al., 2006) . However, the results regarding effects of SCFA on glucose metabolism are not conclusive. Some longer-term studies have shown beneficial effects of orally administered propionate on glucose metabolism in both man (Venter et al., 1990) and animals (Boillot et al., 1995; Berggren et al., 1996) . In contrast, others have failed to show benefits of SCFA on glucose metabolism in healthy subjects following rectal (Wolever et al., 1989; Wolever et al., 1991) or gastric (Laurent et al., 1995) infusion of propionate, acetate or a combination of these. The significant positive relation between fasting FFA and glucose response seen at the standardized breakfast in the present study suggests that the overnight benefits on insulin sensitivity is connected to lowered levels of circulating FFA. Although no direct relation between SCFA and FFA could be detected in the current study, rectally infused SCFA (acetate and propionate) have previously been shown to lower plasma FFA concentrations in man (Wolever et al., 1989 (Wolever et al., , 1991 . FFAs have repeatedly been shown to be positively Overnight 'second-meal' effect of DF vs GI on glucose tolerance A Nilsson et al correlated to the glucose response (Wolever et al., 1995; Brighenti et al., 2006; Nilsson et al., 2006) . Elevated FFA levels may induce both peripheral and hepatic insulin resistance. The mechanisms are probably related to a suppression of the effect of insulin on glucose uptake, glycogen synthesis, hepatic glucose production and glucose oxidation (Ferrannini et al., 1983; Homko et al., 2003) . It has been argued that FFA (Paolisso et al., 1996; Evans et al., 2003) and hyperglycaemia (Evans et al., 2003; Miyazaki et al., 2007) both may contribute to oxidative stress and thereby deteriorate insulin sensitivity and/ or pancreatic B-cell function. The present study shows that addition of DF to a high-GI (WWB) or a low-GI (spaghetti) evening meal in quantities (9.8 g) corresponding to the DF in barley kernels did not improve glucose tolerance at breakfast compared with a WWB evening meal. Neither did whole-grain barley flour porridge improve the second-meal overnight glucose tolerance. Instead, milling and cooking of the porridge even tended to increase (25%, n.s.) the second-meal glucose response in the morning (IAUC 0-120 min) compared to the WWB evening meal. Although the DF content of the barley flour porridge meal was slightly lower (8.5 g) than in the evening meal with boiled barley kernels (9.8 g) (Nilsson et al., 2006) , the present results indicate that the improved overnight glucose tolerance previously seen with a barley kernel evening meal probably cannot be assigned to the content of barley DF per se. In addition, the low-GI feature of spaghetti per se was not sufficient to elicit overnight benefits on glucose tolerance. Probably, the considerable amounts of RS in the barley kernel product may have contributed to the substantial improvement in overnight glucose tolerance previously seen with this product. Due to the milling procedure, the content of RS in a portion of barley porridge decreased from 7.3 (Nilsson et al., 2006) to 0.7 g/portion, when using 50 g available starch as basis for comparison. An RS intake corresponding to 30 g/day for 4 weeks, or 60 g RS the day before the test day (type 2 RS), has previously shown to improve insulin sensitivity (Robertson et al., 2003 (Robertson et al., , 2005 . However, in the presently described study the spaghetti evening meal enriched with twice the content of barley DF (spaghetti þ BDF2) tended to lower (27%, n.s.) postprandial glucose responses (IAUC 0-120 min) in the morning compared with WWB, and also lowered the B-glucose IAUC and total AUC compared with an evening meal with whole-grain barley flour porridge. As judged from the increments in breath H 2 excretion, the colonic fermentative activity was highest at breakfast after an evening meal with spaghetti þ BDF2, indicating that the benefits on glucose tolerance seen after this evening meal derived from colonic fermentation of the barley DF. Hence, a beneficial effect on overnight glucose tolerance of added barley DF, or added barley DF in a combination with the low GI features of spaghetti cannot be excluded. The glucose response after the standardized breakfast following an evening meal with spaghetti þ BDF2 also resulted in the steepest recovery to the base line value.
Thus, the B-glucose area below the fasting value was significantly larger following an evening meal with spaghetti þ BDF2 vs the evening meals with WWB or barley porridge. A steep drop in postprandial B-glucose is generally not considered desirable. However, the standardized breakfast consumed in the present study consisted of WWB and water, only. Probably, the drop in B-glucose could have been expected to be less pronounced in the case of a composite breakfast.
In conclusion, the results of the current study indicate that the overnight benefits on glucose tolerance previously seen after a barley kernel evening meal cannot solely be explained by a low GI and/or the content of barley DF included in this specific product. Probably, the preserved structure in intact kernels and the concomitant high content of RS provided additional benefits on glucose tolerance. Possibly, a certain level and pattern of prebiotic carbohydrates need to be reached. Based on the correlations seen between SCFA (p-propionate and p-butyrate) and glucose response, we propose that metabolites from colonic fermentation are likely to be involved in the overnight benefits on glucose tolerance. The positive relation seen between fasting p-FFA and postprandial B-glucose response make us conclude that glucose tolerance in the present study principally is modulated by FFA. Further studies are needed to clarify which food factors and physiological mechanisms that are involved. More knowledge in this area will make it possible to tailor food products with magnified benefits on overnight glucose tolerance based on a cautious choice of carbohydrate release features in the upper-gut; and of prebiotic carbohydrates capable of improving glucose tolerance at subsequent meals.
